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方法：以正常人体头颈 CT 图像为原始数据，依次经过 Mimics 10.0、Geomagic Studio 11.0 及 Hypermesh 10.0 软






Three-dimensional finite element analysis on the effect of sleeping position and pillow height 
on cervical spine stress    
 
Wu Feng-xia, Feng Zu-de 
 
Abstract 
BACKGROUND: At present, the study of sleeping position and the height of pillow are mainly concentrated in the clinical 
aspects using survey, measurement and imaging methods. However, the study on the effect of sleeping position and the 
height of pillow on cervical spine stress by three-dimensional finite element method is rarely reported. 
OBJECTIVE: To explore the effect of sleeping position and pillow height on the stress of cervical spine by using the 
mathematical simulation method.  
METHODS: Mimics 10.0, Geomagic Studio 11.0 and Hypermesh 10.0 softwares were used to establish the 
three-dimensional finite element model of the whole cervical spine based on the raw data from CT images of a normal 
human’s head and neck. The stress properties of cervical spine under different pillow heights were analyzed by Abaqus 
6.10 while sleeping on the back and side, respectively.  
RESULTS AND CONCLUSION: Both sleeping position and pillow height exhibited a significant influence on the stress of 
cervical spine. The maximum stress value of intervertebral disc under supine lying was higher than that of side lying with 
the same pillow height. The stress of cervical vertebrae and intervertebral disc increased with the increasing of pillow 
height under the same sleeping position. From the viewpoint of biomechanics of cervical spine stress, side lying was more 
helpful to cervical health than supine lying, and the pillow height under supine lying should be lower than that of side lying. 
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Figure 1  Finite element model of intervertebral disc 
图 1  椎间盘的有限元模型 
Figure 2  Finite element model of the whole cervical 
spine 
图 2  全颈椎的有限元模型 
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表 1  模型部分结构的材料属性 
Table 1  Material properties of some components in current 
model 













μ 0.25  0.49  0.40 
ρ (kg/m3) 1.2×10-9 1.2×10-9 1.2×10-9 
表 2  颈椎各节段的运动范围 ROM 与已有的文献数据比较 
Table 2  Range of motion changes of each segment in 
comparison with the existing literature data        (°)



















 Lateral  
bending  
6.5 9.5 9.1  9.3 6.5 5.4
 Axial  
direction  
56.7 3.2 5.1  6.8 5.1 2.9
This paper  
in 2011 
Flexion and  
extension 
19 5.1 7.2  7.9 6.5 4.3
 Lateral  
bending  
4.4 7.0 6.0  6.3 4.8 3.1
 Axial  
direction  
31.0 2.7 3.1  5.7 4.5 3.6
Figure 3  Stress distribution of the whole cervical spine (Side 
lying, 6 cm) 
图 3  全颈椎应力分布图(侧卧、6 cm) 
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Figure 5  Maximum stress of vertebral body under different 
sleeping positions and pillow heights 




























C1      C2      C3      C4      C5      C6     C7 
Vertebral body 
Y-6 cm represents the 6 cm pillow height of supine lying, C-6 cm 
represents the 6 cm pillow height of side lying  
Y-6 cm 
Y-8 cm 
Y-10 cm  
Y-12 cm 
Figure 6  Maximum stress of intervertebral disc under 
different sleeping positions and pillow heights 





























C2-3        C3-4         C4-5        C5-6        C6-7     
Intervertebral disc  
Y-6 cm represents the 6 cm pillow height of supine lying, C-6 cm 
represents the 6 cm pillow height of side lying  
Y-6 cm 
Y-8 cm 
Y-10 cm  
Y-12 cm 
Figure 4  Stress distribution of intervertebral disc (Side lying, 
6 cm) 
图 4  椎间盘应力分布图(侧卧、6 cm)  
C- 6 cm 
C- 8 cm 
C- 10 cm 
C- 12 cm 
C- 6 cm 
C- 8 cm 
C- 10 cm 
C- 12 cm 
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接近实际。在 Mimics 里基于 CT 图像的灰度值对椎骨赋
予材质，有效地解决了骨组织的赋值问题。 
研究的创新之处与不足：立题角度新，把睡姿和枕
高相结合，采用三维有限元法探讨两者对颈椎应力的影
响。模型方面对髓核和纤维环进行共节点处理，更符合
两者实际的连接情况。本实验只是进行初步探讨，对实
际复杂的睡眠状态进行简化，没考虑肌肉力的作用，而
肌肉组织在维持颈部的稳定中起着重要作用。 
作者声明：文章为原创作品，数据准确，内容不涉
及泄密，无一稿两投，无抄袭，无内容剽窃，无作者署
名争议，无与他人课题以及专利技术的争执，内容真实，
文责自负。 
